The Hangam bauxite deposit is located in the Firouzabad region in southwestern Iran. Structurally the deposit located in the Simply Folded Belt of the Zagros Mountains. The Hangam bauxite horizon, which lies between the Sarvak and the Ilam formations, is approximately 30 meters thick and covers an area of about 1 km 2 . According to stratigraphical and sedimentological data a sedimentary hiatus during CenomanianTuronian times has exposed the Sarvak Limestone to karst weathering and the layers of carbonate argillaceous debris (Basal Marly Limestone; Ferruginous Carbonate Marl; Red Marly Limestone; White Marly Limestone) accumulated on its surface, which was partly converted to bauxite (Pisolitic Bauxite, Yellow Bauxite and Red Bauxite).
INTRODUCTION
Karst bauxite is the product of pedogenic processes under weathering conditions that are conducive to progressive desilication and aluminium concentration in the residual soil (Gow and Lozej, 1993) . Many bauxites can be directly related through chemistry to underlying bedrocks (MacLean and Kranidiotis, 1987 ). An Al-rich composition of the parent rock is a likely crucial factor for an accelerated bauxitizition process. In the residual accumulation of bauxite ores, aluminium
GEOLOGY
The Hangam bauxite deposit is located in the Firouzabad region in southwestern Iran. The deposit is structurally placed in the Simply Folded Belt of the Zagros mountains in southwestern Iran, at about 28°44′ northern latitude and 52°23′ eastern longitude (Fig. 1) .
The Zagros mountains with about 150 to 250 km width trend NW-SE through the southern part of Iran. Sedimentary rocks are estimated to cover a depth of more than 12 km and comprise mainly of carbonates and detrial sedimentary rocks. During the Middle Cretaceous, the area was submerged and the transgression resulted in the deposition of marls, bituminous shales, and limestone of the Kazhdomi Formation (Fig. 2) (Stocklin and Setudehnia, 1977) . During the Cenomanian stage, shallow water neritic carbonates of the Sarvak Formation (about 820 meters thick) accumulated in the area until a major regression near the close of the Cenomanian-Turonian exposed the entire area and sedimentation ceased. The exposed surface produced the widespread ferruginous staining. Upper Cretaceous sedimentation began with the deposition of neritic carbonate of the Ilam Formation (Stocklin and Setudehnia, 1977) . In the most part, the Ilam carbonate rest directly on the eroded surface of the Sarvak Formation. The baux- ite anomaly in the Firouzabad region developed along the boundary between the Sarvak and Ilam Formations (Fig. 3) .
The Hangam bauxite deposit is located on the southern limb of the Kailagh anticline (Fig. 2) . The anticline axis trends W24E in the central part and swings to EW toward the margins. The trend of this structure is parallel to the general trend of the Zagros folded system. The Hangam bauxite horizon, which lies between the Sarvak and Ilam Formations, is approximately 30 meters thick, and covers an area about 1 km 2 . It is a small deposit whose reserve has not yet been estimated. Figure 3 shows the location of the bauxite horizon in the stratigraphic column of the region. Regarding observed facies and structural changes in the study area, the bauxite profile can be subdivided from bottom to top into eight individual layers:
1) The Sarvak Formation (SR): this Formation with about 820 meters thickness and AlbianTuronian age is a widespread unit, where which has two different facies: a) massive, rudist limestone with a bentonic fauna, deposited in a neritic environment and, b) thin-bedded, fine grained, argillaceous limestone with a planktonic fauna, characterized by oligostegina (Stocklin and Setudehnia, 1977) . The basal 250 meters of this formation consist of dark gray, fine-grained argillaceous, nodular-bedded limestone containing small ammonite impressions with some thin dark gray marl partings. The bottom 100 meters of the formation contain abundant brownish-red siliceous nodules. Above these, lie about 520 meters of very massive, tan, chalky, feature-forming limestone with rudist fragments. The uppermost 50 meters consist of relatively unweathered bedded, rubbly iron -stained and brecciated limestone.
2) The Basal Marly Limestone (BML): an argillic limestone with about three meters thickness, containing iron oxide and clay minerals (Nasibpour, 2000) , which represent dissolution of carbonate and a karst weathering development. Although the boundary between SR and BML is traditional, these layers are distinguished using textural elements (e.g., hematite debris).
3) The Pisolitic Bauxite (PB): this layer, about five meters thick, is identified on top of the upper part of the Basal Marly Limestone by a color change and the presence of some textural elements, such as pebbles and pisolites of clay minerals and iron oxides, with up to two centimeters diameter in lower part; the pisolite grain size increases upwards.
4) The Yellow Bauxite (YB): The Yellow Bauxite layer with about three meters thickness, containing oolitic debris (smaller than the pisolites), has a boundary with the pisolitic bauxite that is characterized by a decrease in size and abundance of the pisolitic particles.
5) The Red Bauxite (RB): in the upper part of the Yellow Bauxite layer a gradual change in color and a lack of textural elements, (like pisolites and oolites), this layer changes to the Red Bauxite layer (2.5 meters thickness), in which a lack of pisolites is obvious.
6) The Ferruginous Carbonate Marl (FCM): a carbonate layer with variable thickness (from 2 to 2.5 meters) and a gradational boundary with the Red Marly Limestone.
7) The Red Marly Limestone (RML): a fine grained and pink limestone with variable thickness from 8 to 10 meters. 8) The White Marly Limestone (WML): an argillic limestone, 30 centimeters thick, which has a sharp boundary with the overlying Ilam Formation. Since the Ilam Formation has a sharp boundary with bauxite horizon, it has no genetic relation with the bauxite mineralization.
According to a continuity between the RML and WML layers and the absence of a boundary, even of gradational type, both layers may considered to be a single layer with compositional changes in the lower and upper parts, as accumulation of iron can be seen in lower part, whereas depletion of iron in the WML is obvious.
METHODOLOGY
In this study twenty-four samples were collected for geochemical and petrographical analysis from eight layers in the Hangam bauxite horizon. To have a precise result of sampling, three samples were taken from bottom, middle, and top of each layers. These collected samples were mixed together and crushed in a tungsten carbid swing mill, and eight representative samples were analyzed for major and trace elements by XRF (Philips PW 2400, equipped with a Rh-tube) using fused borate glass beads at the Esfahan Laboratory. For the major elements, the detection limit is 0.01 wt.%, exeception for Ti, P, and Mn, for which the detection limit is 0.001 wt.% Detention limits for elements found in trace amounts are (in ppm): Cr = 4, Th = 2, Rb = 2, Nb = 1, Y = 3, Ni = 3, Sr = 5, V = 4, Zr = 4, Ba = 10. Loss on ignitions (LOI) was determined at the Geochemical Laboratory of the Earth Sciences Department of Shiraz University using a furnace (carbolite) at 1100°C. Average composition of the samples from each layer have been calculated and were used for mass change calculations (Table 1) .
Rock mineralogy and textures of all collected samples were studied through observations of thin and polished-thin sections. Portions of the samples were analyzed to identify clay minerals at Esfahan Laboratory by X-ray diffraction (XRD) method using a Philips PW-1730 instrument. Normative mineralogy calculations were taken from Nasibpour (2000) .
MINERALOGY AND TEXTURES
Mineralogical studies (microscopic observations, XRD) indicate that the lowest part of the bauxite horizon is argillous limestone similar to the Sarvak Formation (Nasibpour, 2000) . The Sarvak Formation is composed (normative mineralogy) of about 12 wt.% kaolinite, 87 wt.% calcite, and 2 wt.% goethite. The content of kaolinite, goethite, and hematite increases upwards. The calcite content decreases as kaolinite, geothite and gibbsite are dominant minerals within the Pisolitic According to normative mineralogy the highest amount of rutile (0.5 wt.%) was found in the middle layers (YB, RB), indicating concentration of this mineral during the bauxitization process. The main textures of the different layers in the bauxite horizon are summarized in Table 2 , including pelitomorphic, fluidal and pseudobrecciated textures all pointing to an authigenic origin for the bauxite (Bardossy, 1982) . In addition absence of graded and cross bedding in the bauxite horizon supports an authigenic origin for the Hangam bauxite.
GEOCHEMISTRY
The Sarvak Limestone contains a minor "argillite" component (Si, Al, Fe, K, Mg), whereas contents of these elements (especially Al, Fe and Si) increase in the Basal Marly Limestone, while carbonate component decreases in this layer (Table 1). Al and Ti are strongly enriched in the Yellow Bauxite. Although Fe has variable behavior at different Eh conditions, its content increases upwards in the bauxite sequence. The Fe content reaches a maximum in the Ferruginous Carbonate Marl. In general Ti, Al, and the trace elements V, Cr, Zr, Nb, Y, and Th get enriched through all parts of the bauxite profile.
The highest amount of Ba and Sr are observed in the Sarvak Limestone (Table 1) , probably because of the same ionic radius as Ca 2+ (Krauskopf, 1996) . These elements have very low contents in the middle layers, (PB, YB, RB).
MASS CHANGE CALCULATIONS METHOD
From prior studies of aluminum deposits (Cocco and Pecorini, 1959; Oggiano et al., 1987) , it is generally accepted that autogenic karst bauxite has been formed by major weathering and subaerial erosion processes of underlying bedrocks during geological times. These processes modify the original composition of the bedrock. In order to trace the parent rock of the bauxite horizon and to calculate mass changes during the bauxitization process, MacLean et al. (1997) proposed to use immobile elements that are suitable to trace the source of the Al to a particular rock type or unit. MacLean and Kranidiotis (1987) and MacLean (1990) first used this method for massive sulfide deposits. Previous studies (MacLean et al., 1997; Özlü, 1983) indicated that some chemical elements, especially Zr, Ti, and Cr are strongly immobile during weathering and diagenesis of bauxite. These elements, in binary diagrams produce linear arrays that pass through the origin of the plot. The study of such elements in bauxite allows to help infer the parent rocks.
Mass changes associated with the bauxitization process can be estimated by comparison of the concentrations of immobile elements in relatively fresh (mainly argillic limestone) and weathered (mainly bauxitic rock) samples. Estimations of the gains or losses of mass is based on the relative abundance of immobile elements remaining unchanged when other more mobile elements are lost or gained. Samples of the same precursor composition which have experienced various degrees of mass gains or losses plot along a straight line ("weathering line") passing through the origin (MacLean et al., 1997) . Thus, it is possible to calculate precursor compositions for bauxite, and to deduce the amount of mass changes during bauxitization.
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MASS CHANGE CALCULATIONS IN THE HANGAM BAUXITE
The changes in chemical composition from Sarvak limestone and Basal Marly Limestone to White Marly Limestone are partly due to a decrease in the carbonate content. Thus for mass change calculation it is necessary to recalculate the chemical composition to a carbonate-free basis (Table 3) . The relatively similar values of the residual component for the Sarvak Limestone, Basal Marly Limestone and Pisolitic Bauxite suggest, but do not completely prove, that the argillite units and the argillite component of the limestone are the same material. The content of Sr and Ba has the greatest discrepancies in the calculated argillite residue, indicating that these elements probably were included in the carbonate compo-nent.
To identify the precursor rock and calculations of mass changes, elements that remained immobile during the bauxitization process need to be detected. Pairs of these elements are plotted in Fig.  4 , with Ti and Al giving the best correlation coefficient (Table 4 and Fig. 4) . From the stratigraphic evidence, microscopic observation, and the presence of only one linear trend for Sarvak limestone in Fig. 5 , we conclude that the Sarvak Limestone could have been the precursor rock of the bauxite horizon in the Hangam deposit.
Mass changes (Table 5) were calculated from the concentration ratios of immobile elements for the different bauxitic rocks and the Sarvak precursor, using equations 1 and 2 presented above.
DISCUSSION AND CONCLUSIONS
Argillic debris can be derived from different sources, such as underlying shallow marine argillaceous limestone, fluvial sediment, or volcanic ash. From the nature of karst erosion and chemical and physical weathering during the bauxitization process, it becomes difficult to determine if one or more sources of argillaceous debris were converted to bauxite, but the distribution pattern of immobile elements in these three possible sources is different. If each source was homogenous, three separate linear trends would be generated for each element pair. If one or more of the sources were heterogeneous, a fan or random distribution of data would be generated (MacLean, 1990) .
As only one linear trend ( Fig. 5 ) with high correlation coefficients is evident for immobile element pairs and, on the other hand, the Sarvak limestone coincides with this linear trend, it is probable that only one homogenous source (Sarvak Limestone) existed. Karst weathering seems to have produced a layer of argillaceous debris on top of the Sarvak limestone, and then lateritization partially converted this debris to bauxite. Figure 6 illustrates that all bauxite layers, especially the three bauxite units (PB, YB, RB) have lost the most mobile component. The largest change was the loss of Si from these bauxite units. The downward movement of a small amount of Al within the bauxite profile is shown in Fig. 6 . Al was leached from the upper layers (WML, RML, FLM) and deposited in the underlying layers (PB, BML, YB). Since Al is least soluble in neutral PH groundwater, it can be concluded that its downward migration in solution is due to seasonal fluctuation in PH of the saline groundwater (Brimhall et al., 1988 has been enriched in all layers, especially in the lower units. Using mass changes data (Table 5) , it is possible to determine the height of the Sarvak limestone column converted to the Hangam horizon. Since the different units of the Hangam bauxite have similar lateral extents, their volume differences are due to their thicknesses. Therefore, assuming that the density of bauxite layers (D) is about 2.55 g/cm 3 (Dana, 2001 ) and using the for-
